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(54) Primers 1m the detection of HIV-1 

(57) The present invention provicles innproved prim- 
ers tor ihe polymerase chain reaction (PCFO ampGfica- 
tion of a nucleic add sequence from the £7^? gene of the 
human immunodeficiency virus type 1 (HIV-1). The 
primers and amplification methods of the invention ena- 
iale the detection of al HIV-1 group M teolatas with 
neaily uniform efficiency. 
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Descrifitlon 

The r^'eserrt tn\^entic^ relates to the field of molecular biology and nucleic acid chemistry. More spedf icaly, it relates 
to methods and reagents for detecting human immunodeficiency mm type 1 (HlV-1). The inventicn therefore has appli- 

6 Cations In the field of mecSdne generally, medical diagnostics sfi^cSically; and the field of molecutar tMology. 

The invention of methods for ampEfymg specific sequ&tc^ of nucleic adds, in partcular, the pdymerase ctain 
reaction (PGR), ntakes pos^e the rapid detection of nudeio adds present in a sample In wfiat was previously an 
undetectably low quantity (see US. Patent Nos. 4,^.195; 4.683,202; and 4,965,1^). The development and applica- 
tion of PGR are described extensively in the Gteratura For exanple. a range of PCR-ratated topics are disojssed in 

10 PGR Technology - principles and appfications for DMA emplificatsoa 1 989, (ed. H AErllch) Stockton Press, New \brK 
NY; PGR Protocols: A guide to methods and applications. 1990; (ed. M.A. Innis etaf) Academic f^ess, San Diego^ CA; 
and PGR Strategies, 1 995, (ed. MA Innis et a/.) Academic Press, San Diego^ GA. Gommerdal vendors, such as Perkin 
Bmer (NonwalK CT). mark^ PGR reagents and public PGR (sotocds. 

The use of PGR and prdra hyt>ridisation to amplify and detect HIV-1 nudeic add is reviewed In Kwok, 1^, Ann. 

75 Med. 24:211-214; and Goutlee ef a/., 1991. Md. Gell. Probes S:241-259. PGR-based HIV-1 detecUon assays are 
described in. for exanple, US. Pa^ Noe. 5,008.182 and 5,176.775; KeOogg and Kwok. 1990. in PGR Protocols: A 
G^ide to Methods and AppGcations. (ed. Irmis etal.), Academic Press, San Diego, GA:337-347; IHdodniy et ai„ 1991 . 
J. Inf. Die. m802-865; Jackson ef a^., 1991. AIDS 5:1463-1467; and Mulder ef a/, 1994, J. Oin. Microbiol. a2(2):292- 
SOO. 

20 Commercial kits for the ampliftcation and detection of HIV- 1 are oommerdally available from Hoffnwm-La Roche 
(Nuttey. r4J). The Amplicor'" HIV-1 Testis an iGr) vflro assay for the detection of HIV-1 provtral DMA. The AMPUGCR HIV- 
1 1^NITOR^ Test is an iEavsttro assay forihe quantitation of HIV- 1 RNA. Both of the Amplicor assays amplify HIV-1 
nudeic adds using the primer pair SK462 (SEQ ID NO: 5) and SK431 (SEQ ID NO: 6), described in Mulder etal., 1994, 
J. Glin. Miaobk)!. 2S{2):292-300. and refen^ed to herein as the Anploor HIV- 1 primers. 

25 HIV-1 displays considerable genomic sequence var^Oity. Pfvk)genetic analysis of the nucleic add sequences of 
HIV- 1 and env^ genes is described In Myers ef a/., 1993, Human Retrcvirus and AIDS 1993, Los Alamos National 
Laboratory, Loe Alamos, NM, incorporated h^n by reference. V/ithin the Mgrouasut>typesArjr^yete^ identified. 

Conventional techniques of molecular biology and nudeic add chemistry, which are within the sida of the art. are 
explained In the Gteratura See. for example, Sambrook ef a/, 1989, Molecular Ooning - A Laboratory Manual. Cold 

30 ^>ring Hastor Laboratory, Gold Spring Hart>or, New York; OOgonudeotide Synthesis (M. J. Gait, ed. . 1 984) ; Nudeic Acxl 
Hytsridization (B.D. Hames and SJ. Higgins. eds., 1984); ar^ a series. Methods in Enzymology (Academic Press, Inc.). 

A number of human immurxxJefidency virus type 1 (HlV-1) group M isolalee have been identified which either are 
not anplffiable or not ampGfiable efficiently uslr^ previously described gag gene primers, In particular, the Amplicor 
HIV-1 primers. SK462 (SEQ ID NO: 5) and SK431 (SEQ ID NO: 6). These isolates exha3it previously unseen sequence 

55 variability within the region encompassing the primer bir^fing sites off the Amplicor HI V-1 primers. 

It is an object of the present invention to provide Improved primers which enable effident amplication from these 
newly discovered isolates, in adcfition to aO tsolates ampdif table with the AmpGcor HIV-1 primers. Moreover, the primers 
of the present Invention enalsle amplification from all known HIV-1 group M isolates with nearly uniform eff idency. 
One aspect of the present invention relates to improved oGgonudeotide primers which er^e the pdymerase 

40 ctiain reaction (PGR) ampEfication off a region of the gag gene from HIV-1 group M isolates from subtypes A-Q with 
nearly unrfdrm efTidency and without the simitaneous amplification of non-target sec^ences. 

In particuiar. the present invention relates to an oligonudeotide primers tor the ampiaication of human immunode- 
fiderx^ virus type 1 (HtV-l) niid^ add, wherdn said digcnudeotide primer Is selected from the group oor^sfirig of 
SKCC1 (SEQ ID N0:3) and SKCG3 (SEQ ID N0:4). 

4s Preferably, each of these primers Is combined In a pair of oligonudeotide primers consisting of SKI 45 (SEQ ID NO: 
1) and SKCC1 (SEQ ID NO:3) or in a pair of digonudeotide primers consisting off SK145 (SEQ ID NO:1) and SKCC3 
(SEQ ID NO:4) 

In a further entKxOment these pairs of primers may be combined with pnmer SK145M2 (SEQ ID NO:2) In a set of 
oligonudeotide primers consisting of oligonudeotide primers SK145 (SEQ ID NO: 1). SKGC1 (SEQ ID N0:3) and 
so SK145M2 (SEQ ID N02) or in a set of digonudeotide primers consisting of oligonudeotide primers SKI 45 (SEQ ID 
NO: 1). SKCC3 (SEQ ID N0:4) and SKI 461^12 (SEQ ID NO:2). 

Another aspect of the invention relates to improved methods tor amplifying a region off the gag gene from HIV-1 
group M sulritypes which comprise carrying out a PGR using the primers of the invention. 

Another aspect of the invention relates to kits which contain an amplificatton primer of the present invention. These 
55 kits can indude additioneil reagents, such as the detection probes or one or more arrpfification reagents, ag., polymer- 
ase, buffers, arxi nucleoside triphosphates. 

To aid in understanding the Invention, several terms are defined belcw. 

The terms ''nudeic add" and 'oligonudeotide'' refer to pdydeoxyritjonudeotides (containing 2'deoxy-D-ribose). to 
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_ „ bose). and to any other type of pdynudeolidewWch is an N glycoside of a purine 

or pyiimidine base, or modified purine or pyrimidine base. There is no intended distinction in length between the terms 
*'nucleic add" and ^^oGgonudeotide", and these terms will be used interchangeabty These terms refer only to the pri- 
mary structure of the molecule. Tlius, these terms include double- and single-stranded DMA, as wen as double- and sin^ 
5 g1e-£tranded RNA. 

Oiigonudeob'des can be prepared by any suitable method, including, Ibr example, cloning and restriction of appro- 
priate sequences and direct chemlca! synthesis by a method such as the phosphotriester method of Narang et a!.^ 
1979, Meth. Enzymol. S&.-9(>-99; the phosphodiester method of Brown etaL, 1979. Meth. Enzymol. 6a:109-151; the 
diethylphosphoranvdite mettxxd of Beaucaga et a/., 1981, Tetrahedron Lett S:1859-1862; and the solid support 
to method off US. Patent No. 4,458.066. A review of synthesis methods Is provided In Goodchild, 1990. Bioconjugate 
Chemistry K3):165-1 87. 

TTie term ^hybridization' refers the formation of a dupleoc structure tsy two single-stranded nudeic adds due to com- 
plementary base pairing. Hyt>ricfizatbn can occur between fully conrplementary nudeic add strands or between Isub- 
slantialty complementary" nudeic add strands thai contain mirm regions of mi^natch. CorxSlions under which only 

15 fully complementary nudeic acid strands will hybridize are refenred to as "stringent hybridi2ation conditions'' or 
"sequence-specific hybridization co^ditions^ Stable duplexes of subetantialty complementary sequences can be 
achieved under less stringent hytNidizatlon conditions; the degree of mismatdi tolerated can be controlled by suitatsle 
adjustment of the hybridization concStions. Those skaied in the art of nudeic add technology can detennine duplex sta- 
bility empirically considering a numbw of variables induding, for example, the length and base pair concentration of the 

2o oligonucleotides, ionic strength, and inddence of mtsmatched base pairs, following the guidance provided t}y the art 
(sea, ag., SamtM'Ook et a/.. 1989, Molecular Cloning - A Latjoratory Manual, Cold Spring Hartx>r Laboratory, Cold 
Spring Harbor. New York; and Wetmur. 1991 . Critical Renews in Biochem. and Mol. Bioi. 26(8/4):227-259). 

The \em "jprimeT refers to an d'gonudeotide, whether natural or synthetic, capable of acting as a point of Initiation 
of DNA syndesis under conditions in which synthesis of a primer extension product complementary to a nudeic add 

25 Strand is induced, Le.. in the pr^ence of four different nudeostde triphosphates and an agent for polym^tzation O.e.. 
DNA polymerase or reverse transcriptase) In an appropriate buffer and at a suitable temperatura A primer is preferably 
a single-stranded oUgodeoxynbonudeotide. The appropriate length of a primer depends on the intended use of the 
prrnier but typically ranges from 15 to 35 nudeotides. Short primer mdecules generally require cooler temperatures to 
form suffidently slabis hyfcHid complexes with the template. A primer need not relied the exact sequence of the tern- 

30 plate nudeic add, but must be suff Gently complememary to hybridize wHh the template. Primm can incorporate addi- 
tional features which allcwr 1br the detection or hnmobPizatlon of the primer but do not alter the t>asic property of the 
primer, that of acting as a pdnt of initiation of DNA synthesis. For example, primers may contain an additional rujdeic 
acid sequence at the 5' erxJ which does not fiybridlze to the target nudeic add, but which faclTrtatfis donlng of the anpG- 
fied product The region of the primer which is suffidently conplementary to the template to hybridize b referred to 

ss herein as the hybridizing regkm. 

As i^ed hereia the \ipstreanr primer refers to the primer wfK>se extension product a subsequence of the coding 
strand. The "downstream" primer refers to the primer wliose extension product is a subsequence of the complementary 
non-coding strand. 

The terms "target sequence", "target region", and "Wget nucleic add** refer lo a region of a nudeic add which is Id 

40 be amplified, detected, or otherwise aralyzed. 

As L^ed herein, a primer Is "spedf IC for a target sequence If the number of nrvsmatches present between the 
primer and the target sequence is less than the number of mismatches present between the primer and non-targ^ 
sequences which mighit be presmt In a sanpla Hytuidization conditions can be chosen under which 5tat}Ie duplexes 
are formed only if the numba* of mismatchee present is no more than the number of mismatches present between the 

45 primer and the target sequence. Under such conditions, the target-spedfic primer can form a stable duplex only with a 
target sequenca Thus, the of target-specific primers under suitatsiy stringent amplification conditions enables tfie 
spedfic amprrfcation of those sequences which contain the target primer binding sites. Similarty, the use oi target-spe- 
cific prcbes under suitably stringent hyt>riclzation conditions enables the detection of a epec9ic target sequenca 
The term "amplification reaction mixture' refers to a solution containing reagents necessary to cany out an ampli- 

so f ication reaction, and typically contains primers, a thennostable DNA polymerase, dNTP's. and a divalent metal cation 
in a suitable buffer. A reaction mixture is refened to as complete if it contains all reagents necessary to canry out the 
reaction, and incomplete if it contains only a subset of the necessary reagents, it will be inderstood 1^ one of sidl in 
the art that reaction components are routinely stared as separate solutions, each containing a subset of the total com- 
ponents, for reasons of convenience, storage stabirity or to allow for application-dependent adjustment of the compo- 

£5 nent concentrations, and that reaction components are combined prior to the reaction to create a complete reaction 
mixtura Furthermore, it will be understood by one of skill in the art that reaction conrponents are padQged separately 
for comm rcializalion and that usefJ commerdal kits may contain any siiiset of the reacti n components which 
indudes primers of the present invention. 
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HIV-1 Amplification Primers 

The primers of ttte present im^ention er^e anplfication of mideic acid ftxm the HlV-1 group M subtypes The 
primers represent a significant improvement ever primers previoi^ly descrft>ed in that they enable amplication of 
5 nudeic acid from a region of the gag gene from all Isolates of siistypes A-G belonging to Qroi^ M wfth neariy uniform 
efficiency: including the newly discovered isolates. The nucleotide sequences of the primers are provided below, shown 
left to right in a 5' to 3' orientation. 

Upstream Primers 

10 

SK145(SEQIDNO:1) AQTGQQGQGACATCAAGCAGCCATGCAAAT 
SK145M2 (SEQ ID NO: 2)AGTGGGGKKlACACCAGGCAaCAATGCAAAT 

Dflwnsfraam Prfmets 

IS 

SKCC1 (SEQ ID NO: 3)TACTAGTAQTTCCTX3CWQTCACTTCC 
SKCC3 (SEQ ID NO: 4)TQAAQQQTACTAG-mQTTCCTGCTAT 

The downstream primers of the fxesent Invention may be used with any of the upstream primers disclosed herein. 

20 Ihe downstream primers of the pres&it invention are preferatiy used with upstream p^rimer SK145 (SEQ ID NO: 1), 
optionally fn corjunction with upstream primer SK145M2 (SEQ ID NO: 2). Upstream primer 8K145 (SEQ ID NO: 1) Is 
described In Keflogg and Kwok, 1990. in PGR Protocols: A Guide to Methods arxi Af^licatians, (ed. Innis ef a/.), Aca- 
demic Press, San Di^. CA:337-347. TTie second upstream primer, SK1 45M2 (SEQ ID NO: 2), hybridizes in the san^ 
re^on as &K145 (SEQ ID NO: 1), but Is designed to more closely match the rudeotide sequence of certain HIV-1 iso- 

25 lates of subtype A and E. As shown in the examples, the ime of both upstream primers can he^ equalize the effiaency 
of amplSicalion of partk:ular subtypes. 

Amplification 

30 AmplSications are earned out under conditions which enable amplification of all HIV- 1 group M subtypes, but which 
are sufficiently sfrlngent to avoid amplification of non-target sequences. Preferred anrpltflcation reaction conditions are 
described t\ the examples, in Mulder ef a/., 1994, J. CEn. Microbiol. 22(2)292-300, and in product Insert of the AMPLt- 
COR HIV-1 MONITOR Test. The eocact conditions are not a critical aspect of the invention. Optimization of amplification 
conditions can be carried out routinely based on the guidance provided herein. 

35 The primers and nnethods of the present inv^onniay be used to detect either HIV-1 proviral DNA or HIV-1 RNA. 
The amplication of RNA using a reverse transcriptian/polymerase chain rraction (RT-PGR) is wel known in the art and 
described in U.S. Patent Noe. 5.322.770 and 5,310.652; Myers and Oelfand. 1991, Biochemistry 30(31 ):7661 -7666; 
and \bung et al,. 1993. J. COn. Microbiol. SK4):^-886. TTie RT-PCR amplrficalion of HIV-1 Rf^iA is described in 
Mulder ef a/., 1994, J. Qin. Microbiol. ^(2}:292-300 and Holodniy ef a/., 1991, J. frrf. Die. ma02-865. 

40 Sample preparation methods suitable for amplification of HIV-1 DfM and RfMA are described in the literature The 
particular method used Is not a critical aspect of the present invention. One of skill in the art can select and optimize 
suitable sample preparation methods base on the guidance provided herein. Preferred sample preparation methods for 
use in the detection of HtV-1 proviral DNA are descrbed In Casareale ef a/., 1992, PGR Methods and Applicatiorts 
g:149-153 and Butcher and Spadora 1992, (3in. Immunol. Newsletter 12:73-7a A preferred sanple preparation kit for 

4S the detection of HIV-1 proviral DNA is commerdally availat)ie as part of the Anpticor HIV-1 Test. Preferred sample prep- 
aration methods ^ac use In tiie detection of HIV-1 RfM In plasma are described In Mulder ef a/., 1994, J. Clin. Micral>k)l. 
2E(2}:292-300. A preferred sample 'preparation kit for the detection and/or quantitation of HIV-1 RNA is commercially 
avaflable as part of the AMPUCOR HIV-1 MONITOR Test 

BO Analysis of Amprrfied Product 

The ampiricalion primers and methods ol the present invention are suitable for any application which uses ampli- 
fied nudeic add. For example, donir^ and/or sequendng of HIV-1 sequences b fadlitated by the use of the present 
primers. Methods for detecting PGR amplified nudeic adds are welt loxswn in the art The method used to analyze the 
BS ampGfied rrudeic add is rrat a critical Bisect of the invention, and any suitable method may be used Preferably, ampli- 
fication of HIV-1 RNA is used as described in the examples to quantitate viral load. 

Examples of methods for detecting arrfsGfied nudeic add Indude analysis of amplification product t>y gel electro- 
phoresis and detection by hybridization with complementary oligonudeotide prcbes. Suitable assay formats for detect- 
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ing target-probe hybridization are wen known in the art and include the dot-blot and reverse dot-blot assay formats. 

In a dot-blot format, the anrpirfied target DMA is ImmobBzed on a solid support, such as a nylon membrana The 
membrane-target complex is incubated with labeled probe under suitable hylmfization conditions, unhybridized probe 
is removed by washing under suitably stringent condtions. and the membrane is monitored for the presence of bound 

5 probe. Dol-blol detection of PGR ampfifk^on products is described in. for example. 8alki eta!., 1986. Nature 324:163- 
166 and US. Patent Na 5.468.613. 

In a reverse dot-blot format the probes are Immoblf zed on a solid support, sudi as a nylon membrane and the 
amplified taiget DNA is labeled. The taiget DMA is typiraliy labeled during amplificatlai by the irKorpaation of labeled 
primers. One or both of the primers can be labeled. TTie membrane-probe conplex is incubated wHh the labeled airpli- 

10 tied target DNA under suitable hybricfizatfon condittor^ unhybridized target DNA Is removed by washing under suitably 
stringent conditions, and the fSter is then monitored for the presence of bound target DNA. Reverse dot-Wot methods 
are described in, for example, Saiki ei a!,. 1989, Proa Natl. Acad. Sd. USA 86:6230 and U.& Patent No. 5,468.613. 

Alternatively, the reverse dot-blot assay can be earned out using a solid sipport having a plurality of probe hytxid- 
ization sites or wells. For example, a mlooweO plats is particularly useful In large scale dinical applications of the 

IS present methods. Probes can be immobilized to a microweQ plate either by passivo tending or through a protein inter- 
mediate, such as t>ovine serum albumin (BSA), which adheres to microweO plates (see Tung et a/, 1991 . Biooonjugate 
Chem. g:464-465). Reverse dot-blot methods carried out in a miaowell plate are described in U.S. Patent Na 
5.232,829; LoeffelhoU ef a/.. 1992. J. Clia Microbiol. aQ(11):2847-2851; Jackson et al., 1991, AIDS 5:1463-1467; 
Mulder ef a/., 1994. J. CGn. Microbiol. 32(2)292-300; the Amplioor HI V-1 Te^ product Insert; and the AMPLICOR HIV- 

20 1 MONITOR Teet product insert 

Preferably, detectian and/br quantitation of the amplified product is canled out by hybridization with an ollgonude- 
otide probe immobllzed on a microwell plate usir^ the reagents and protocols of the Anplicor HIV-1 Test or the AMPU- 
COR HIV-1 MONITOR Test The use of the preset methods to quantitate HIV-1 RNA is described further in the 
examples. 

25 Aftematively, BSA-conjugated probes are bound fo magnetic micropartides. TTie bound probes are hybridized in 
solution to labeled amplirK»tion product, and the resulting are removed from the solutkxi magnetically. The ma^eti- 
cany immobilized hybridization duplexee are then detected as in the methods deecribed above. 

Another suitable as^ method, refen-ed to as a y-nudease ass^, is described in US. Patent Nos. 5;21 0.01 5, and 
5,487.972 and Holland ef a/., 1988, Proc. Nail, Acad. Sd. USA 88:7276-7280. In the S'-nudease assay, labeled detec- 

30 tion probes which have been modffied so as to prevent the probes from acting as primers for DNA synthesis are added 
during the amplification reaction mixtura Any probe wNch hybridizes lo target DNA during each synthesis step, l.a. 
during primer extension, is degraded by the 5* to 3* exonudease activity of the DNA polymerase. e.g., Tag DNA 
polymerase. The degradation product from the probe is then detected. Thus, the presence of probe breakdown product 
indicates both that hybridization between probe and target DNA occurred and that the anplificalion reaction occun^ed. 

SB US. P^ent Nos. 5.491,063 and 5,571 ,673 deecribe improved methods for detecting the degradation of probe which 
occurs concontitant with amplication. 

TTie assay fonrats described above typically utflize labeled oligonudeotides to facifitate detection of the hybrid 
duplexes. Oligonudeotides can be labeled by incorporating a label detectable by spectroscopic photochemical, bio- 
chemical, immunochemical, or chemical means. Useful labels indude ^P. fluorescent dyes, elecbwdense reagents, 

40 enzymes (as conmonly used in EUSAS). biotia w haptens and proteins for which antisera or monoclonal antibodies 
are available. Labeled digonudeotides of the Invention can be synthesized and labeled using the tedmlques described 
above for synthesizing oligonudeotides. 

An aftemative method for detecting the ampHTication of HIV-1 nudeic add by monitoring the Increase In the total 
amount of double-stranded DNA in the reaction mixture is described in Higuchi et a/.. 1992, Bionechnology J£:413- 

45 417; Higuchi ef a/.. 1993, Bio/Technology 11:1026-1030; and European Patent Pubfication Na 512,334. The detection 
of double-stranded target Df^ relies on the increased fluorescence that ethidi urn bromide (EtBr) and other DNA bind- 
ing labels exhibit when bound to double-stranded DNA The DNA binding label is added to the anpliication reaction 
mbctura Amplification of the target sequence residts in an increase In the amount of doiA)le-Btranded DNA. which 
results in a detectable increase in fluorescence. 

60 The present invention also relates to Idts, miifjoontalner units comprising useful components for pracfidng the 
present method. A useful kit contains primers for the PCR amplification of HIV-1 nudeic acid. A kit can also contain 
means for detecting amplified HIV-1 nudeic add. such as oligonucleotide probes. In some cases, the prol^es are foced 
to an appropriate si^jport membrana Other optianai components of the kit indude, lor example, an agent to catalyze 
the synthesis of primer extension products, the substrate nudeoside triphosphates, means used to label (for exanple, 

65 an avidin-enzym conjugate and enzyme substrate and chromogen if the label is biotin), th appropriate buffers for 
PCR or hybridization reactions, and instructions for canTing out the present method. 

The examples of the present invention presented below are provided only for illustrative purposes and not to limit 
the scope of the invention. Num rous embodiments of the inventi n within tie scope of the daims that fdlowth exam- 
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pies wiD be apparent to those of ordinary skin in the art from reading itie foregoing text and following exanrptes. 

Construction of a Quantitation Standard 

Quantitation of viral load, as canied out using the AMPUCOR HIV-1 MONITOR Test uses a Quantitation Standard 
(OS) wtiich IS amplified using the »me prim^ pair, but which Is detected using a sep a r at e prol>e. The QS is added to 
the test sanple at a known concantration to provkda a known referenca signal. For a wide range of target concentra- 
tions, the signal generated from the ampitfiad target or ampGfied QS Is proportional to the anK>unt present The target 
copy number is calculated from a c om parison of the signal generated from the amptaication of the unknown target to 
the si^ial generated from the known QS. 

The primers of the present invention ampffy a region which e not fully encompassed withki the QS included in the 
AMPLICOR l-IIV-1 MONITOR Test (the Ampiicor QS). Thus, a new QS was constructed for use with the primers of the 
present invention. The new QS was connoted from the Amp&cor QS by extencfing the Ampficor QS sequence to 
encompass the bindng sites of SKCC1 (SEQ ID NO: 3) and SKCC3 (SEQ ID NO: 4). The resulting QS ie detectable 
using the QS-specffic probe used In the AMPUCOR HIV-1 MONITOR Test The oonstructian of a plasrrdd containing 
the new QS sequence, from which the QS RNA Is trartscnbed, can be carried out using standard techniques as 
described below. 

The Ampiicor Qa obtained from the AMPUCOR HIV-1 MONITOR Test is ampltfied using SK145 (SEQ ID NO: 1} 
and SK151 (SEQ ID NO: 7) under conditions essentially as de^bed In exampls 2. below. The amplification yields a 
DNA product which contains primer bindng sites for SK145 (SEQ ID NO: 1} and SK151 (SEQ ID NO: 7) and retains lha 
internal sequ&ice wfich contains the binefing site of the QS-specific probe. 

Next the resulting amplified product is eoctended to encompass the primer binding site of SKCC1 (SEQ ID NO: 3) 
and a linker is added to er^e ckyiing of the product This is achieved by reamplifying the product using SKI 45 (SEQ 
ID NO: 1) extended at the 5^ end Id include a /f/ndlll Gnker and SKCCI (SEQ ID NO: 3). Surtable amplification oondi- 
tions are described in Kellogg and Kwok, 1990, in PGR Protocds: A Guide to Methods and Applicatior^ (ed. Innis et 
a/.), Academic Press, San Diega CA)337-347, with the exception that a k)wer annealing/extension temperature (e.g., 
42«Cg is used to aOow hybridization of SKCCI (SEQ ID NO: 3). 

Next the resulting amplified product is further extended to encompass the primer binefing site of SKCC3 (SEQ ID 
NO: 4) arxJ a second linker is added at the other end to enable cloning of the product This Is achieved by arrpltfyfrrg 
the product using SK145 (SEQ ID NO: 1) extended at the 5* end to include a H/ndtll linker, as deserved above, together 
with SKCC3 (SEQ ID NO: 4) extended at the 5" end to Indude an XBa I linker, using the same ampltf Ication conditians 
as above. 

Next the amplif red product is inserted into a plasmid. The ampfified DNA and plasmid pSP64 (Prmiega, Madison, 
Wl) are eeparately digested with Hindi 1 1 and XBa I, and then llgated using standard procedures. Competent cells are 
transformed with recont)inant plasmids and a clone is obtained which contains the correct insert The ctoned insert in 
the resulting recomt}inant plasmid should be sequenced to determine that no mutations are introduced into the primer 
or probe binding sites. 

The QS RWi is transcribed from the reconUiant plasmid tfiat contains the QS sequence ustfig a MEGAscrip™ 
SP6 Kit (Ant^ion, Inc.. Austin. TX). 

|Example2 

HIV-1 RNA Quantitation 

This examples descrS^es an assessment ol the relative efficiency of amptrftcations from various HIV-1 isolates. For 
comparison. amplHications also were carried out using the AMPLICX)R HIV-1 MONITOR Test KIL 

The HlV-1 isolates were obtained from HIV-1 positive dintcal samplea A region of the gag g^e was ctoned and 
sequenced using standard techniques, and the subtype of the cloned HlV-1 was determined leased on the sequence. 
A number of these HIV-1 isolates were d^oovered to be novel. For this example, particular isolates were ctiosen which, 
based on the nucleotide sequences, were expected to be proUen^cal tor the AMPLICOR HIV-1 MONITOR Test In 
addition, isolates were used which were representative of the sequence variation present in tiie group M eiijtypes. 

Target Nudeic Add 

Plasmids containing a region of the HIV-1 gag gene from eadi Isolat were cor^tiuded and HIV-1 RNA templates 
were transcribed essentially as desert in Hdodniy a/.. 1 991 , J. bif . Dis. 1^:802-665. Stock sdutiar^ of each tem- 
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plate were made up and the template concentrations were assayed. The stock souSlons were diluted based on the esti- 
mated relative concentrations such that the concentration of template added to each reaction was the same. The 
absolute number of copies of template added to the reactions was approximately 4000-8000. 

s Quantitation Standard 

A QS as described in example 1 was Introduced Into each reaction mixture at a known c3oncentrallon, typlcafly 
approodnDately 100 copies per reaction. 

10 Primers 

Reactksns A-F were can-ied out using the fojlcwing primer comblnations- 
Prlmer CorrblnaliQns Comparftd 

15 


Rc3ctjon 

Primer Combinaiion 

A 

SK462CSEQIDNO:5) 


SK431 (SEQ ID NO: 6) 

B 

SK145(SEQ IDN0:1) 


SK151 (SEQ ID NO: 7) 

C 

SK145(SEQ ID NO: 1) 


SKCC1 (SEQ ID NO: 3} 

D 

SK145 (SEQ ID NO: 1) and SK14^ (SEQ ID NO: 2) 


SKCC1 (SEQ ID NO: 8} 

E 

SK145 (SEQ ID NO: 1} 


SKCC3(SEQlDNa4} 

F 

SK145 (SEQ ID NO: 1) and SKl4aui2 (SEQ ID NO: 2) 


SKCC3(SEQlDNa4} 


AB primers were biotinylated at the 5* end lo enable detection In a rerarse dot-blol, mterowell plate forniat 
Sequences ol the additional primers not descrised above are provided below, shown in a 5' to 3' orientation 

40 

Upstream Primer 

SK462 (SEQ ID NO: 5) AQTTQQAGGACATCAAGCAGCCATGCAAAr 
<s Downstream Primers 

SK431 (SEQ ID NO: 6) TGCHATGTCyvjrrCCCCTTGGTrCTCT 
SK151 (SEQ ID NO:7) TGCTATQTCACTTCCCCTTQGTTCTCT 

so Ampiifteatlon 

Amplification reaction A was earned out using the reagents and conditions of the AMPUCOR HIV-1 MONTOR 
Test 

Amplification reaction B was earned out inlOO |J volumes containing the foHowing reagents: 

HIV-I template RNA 
QSRNA 

50 mM Bk^ne, pH 8.3 
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111 mMK(OAc} 

3.6 nM Mn(OAc}2 
SOOuMdUTP 

300 |iM each dATP, dCTP, and dGTP 

50 jiMdTTP 

15%o»ycerol 

0^ pM each biotinytaied primer 
2unitSOfUNG* 

'iO urS/tsdiTTth DNApotymarase* 


Ampiaication reactiort8 C and D vvere carried out under corxiitions essentially as used in reaction B, but with the 
following changes: 


100niMK(OAc} 

500 |iM each dATP. dCTP, and dQTP 
10 units off UNO 


AmplSication readions E and F vrare carried out under conditions essentially as used in reactions C and D, but with 
the exception that a 10% glycefol concentration was used The rrimr differences in reaction mixtures resuited fn9m 
pi\ac optimization of tiie amplification conditions for eadi primer pair. 

ArnplSication reactions B-F were canied out In a TC9600 DNA thermal cyder (Perldn Bmer, Nonvak. GT) using 
the foflowing tenperature profile: 


Pre-reactlon incubation: 
Reverse-transcription 


4 cycles: 


26 cycles: 


Fral extension; 


denature: 

annaal: 

extend: 

denatira: 

anneal: 

extend: 


50^C for 2 minutes 
60^0 for 30 minutes; 
95*^0 for 10 seconds. 
55"C for 10 seconds, and 
72**Cfor 10 seconds; 
90^0 for 10 seconds. 
60<'C for 10 seconds, and 
72^Cfor 10 seconds; 
7Z*C for 15 minutes; 


Detection of Anrmlified Product bv Probe Hvbridizalion 


Ampiaied products were detected us^the reagents and protocols of the AMPUCOR HIV-1 MONITOR Test The 
estimated Initial target concentration was calculated as descrft>ed ttierein. 


In the AMPLICOR HlV-1 MONfTOR Test quantitation method, the initial target ooncerrtration is estimated from a 
conparison of the signal generated after aHnpGfication off the target to the signal generated after amplrficalion of a 
known concernration of OS. Because the known concentration of the QS Is the pre*amplification value, whereas the sig- 
nals compared are post-ampliTicatton signals, changes in the relative efficiency of amplification wil affect ttie estimate 
of the initial concentration of the unknown target. Hie AMPUCOR HIV-1 MONITOR Ted quantitation is calibrated 
based on the ampiaication efficiency of IHIV-I subtype B. It is known that other HiV-1 sid^typ^ may be amplified with 
iGwer effidency and. oonsequentiy, that the estimated target concentration would be an under-estimate of the true con- 
centration. 


' manufaduiBd and developed by Hoffman-La Roche and marketed t)y P^n Elmer (NorwaK CT). 
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et RNA was added to each reaction at a known concentration. Thus, itie relative 
amplification efficiency for each isolate can be determined k)y comparing the estimated target concentrations. Because 
the AMPUCOR HIV-1 MONITOR Test quantitation b calibratBd based on the amplification efTtciency of HIV-1 SL±type 
B. the estimated target concentration of sutrtype B (done 105-1) was used as a refierence. For each isolate, the esti- 
5 mated target concentration for sub^e B (clone 1 05-1 ) was divided by the estimated target concentration for th e isolate 
to provide a measure of the relative amprrfication efficiency. These relative amplification efficiencies are reported in the 
table below. An entry of *— ' Indicates that the reaction was not canied out 


Efficiency Relative to Subtype B 

10 



done 

Subtvoe 

A 

B 

c 

D 


p 

15 

113-1 

A 


1 7 
1 ■ « 

09 

1 4 

1 4 



113-2 


Id 


1 a 

1 1 

1 • 1 

1 3 



1 1d-1 

A 



1 d 

1 S 


n 9 


114-2 

A 

9.8 

1.2 

1.1 

1.8 

1.5 

0.8 

30 

115-1 

A 

497.6 


0.8 

1.2 

1 

1.6 


115-2 

A 

646.4 

2.4 

1 

1.5 

0.9 

1.4 


105-1 

B 

1 

1 

1 

1 

1 

1 

25 

101-15 

C 

7.3 


1-1 

3.5 

1.9 

1.4 


107-e 

D 

0.8 


0.6 

0.7 

0.7 

0.8 


308-1 

D 

0.9 


0.6 

0.7 

0.7 

0.5 


110-5 

E 

S20.7 

465.7 

3.5 

1.2 

4.6 

0.8 


111-6 

E 

0.8 


1.1 

1.6 

0.9 

1.1 


112-7 

E 

3.3 

0.8 

1.5 

1.9 

1.2 

1.4 


106-1 

Q 

1.9 


2.3 

2 

1.8 

1.5 

ss 

108-3 

G 

0.6 


0.5 

0.8 

0.5 

0.5 


109-1 

G 

32.5 

1 

0.5 

0.6 

0.6 

0.3 


Tlie results demonstrate that the AMPLICOR HIV-1 MONfTOR Test (reaction A) amplified the different HIV-1 Iso- 
40 lates with a significant variation in itie effidency. Several of the isoiatee, including the subtype E isolate, clone 1 10-5, 
were ampTifted with an efTtciency at least about SOO-fold lower than ttie efficiency of amplification of siiDtype B. done 
105-1. 

Although not ail of the Isolates were tested, use of the prinner pair SK145 (SEQ ID NO: 1) and SK151 (SEQ ID NO: 
7} (reaction B) appeared to impro/e the uniformity of amplificalion effid&icy signiicantly However, the subtype E ieo- 
45 late, done 1 10-5, still was amplified with an effidency about 500-fold lower than the efficiency of amplification of sub- 
type B, done 105-1. 

The use of SK1 45 (SEQ ID NO: 1) and SKCC1 (SEQ ID NO: 3) (reaction C) enabled ampfif icatlor of all the isolates, 
Induding tie subtype E Isolate, done 1 10^, with an effidency within about 3-1bld of the effidency of ampliflGatton of 
subtype B, done 105-1 . The addition of SK145N^ (SEQ ID NO: 2} (reaction 0} further improved the effidency of ampO- 
so f ication of isdate 1 1 0^ to be essentially equivalent to that of the sdbtype B reference strain. 

SimOarly, the use of SK145 (SEQ ID NO: 1) and SKCG3 (SEQ ID NO: 4) (reaction E) enabled ampnrication of all 
the isolates, indixiing the subtype E isolate, done 1 10-5, with an effidency within about S-fdId of the effidency of ampli- 
fication of si±itype B. done 1 05-1 . The adciiion of SK1 45M2 (SEQ ID NO: 2) (reaction F) further improved the effidency 
of amplificalion of isdate 1 10-5 to be essentially equivalent to that of the subtype B reference strain. 

55 
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QuantHation of HIV-1 in CIt nical Samples 

In this exannple. 30 dinical sarrples obtained from serofxtsitive patients from Senagal were as^yed for the pres- 
ence of HIV-1 RNA. The aMypee present in the dinical samples were not determined. However, as sut^types A and D 
are oomnrton In th^ region of Africa, ft was expected that sorra of the dirdcal samples either woiid not t>eamplffied or 
would not k>e anplrfied efltf^iently usir^ the AMPUCOR HIV-1 MONnOR Te^. 

Sanples were prepared as IbOows. Plasma spedmens (80-250 were corrt>ined with 20 pJ of 0.25% (wAf) red 
Estapor pdystyrene microspheres (Bangs Latwatorles, Inc^ Carmel, IN) in a 1.5 mi conical centrifuge tube and cen- 
trifuged for 1 hour at 25.300 X g at 4<*C. Tlie mjpematam was aspnated off and the pellet was resuspended in 250 ^il 
lyste buffer (50 Ml of lysis buffer equals 6.7 plof 30 U/mI RMasin (Promega, Madison. WO;0.67 plof lOOmM DTT;2p] 
of 1 0% NP40 (Pierce. Rockfbn]. 0^; 0^ ^ of 4 mg/ml pdy-rA RNA; and 40.4 p} of D^-trealed H2O). The peflets were 
irict^jated at room tenparature for at least 15 mbiutes and vortex^ 

Arnpiaications were carried out in 100 pi reactions contanii^ 
ture of ampiaication reagents formulated eudi that the ftfial reagent concentration was as described above. Approxl- 
rrmiety 100 copies of the appropriate QS were added to each reaction as part of the reagent rrMura Detection off the 
amplified product was caried out using the reagents and pfotocds of the AMPUCOR HIV-1 MONFTOR Test, as 
described abova 

Ampicf (cations of each ^mpfe were carried out u^g the following primers combinatiorrs. 
Primer Combinations Comparad 


Reaction 

Primar Combination 

A 

SK462(SEQID NO: 5} 


SIC431(SEQI0NO:6) 

B 

SK145(SEQID Na 1) 


SKGG1 (SEQIDN0:3) 

C 

SK145 (SEQ ID NO: 1) and SK145M2 (SEQ ID NO: 2) 


SKCC1 (SEQ ID NO: 3) 


The results, expressed In copies of HIV-1 templatB per ml of plasma, are summarized t^elow. 
Estimated Tamet Concentration (cooiesAnn 


Isolate 

A 

B Duplicate 

CDuplicale 

DKN035 

0 

800 

1860 

1600 

1100 

DKN079 

360 


37240 

91780 

152^ 

DKN154 

1140 

21660 

54560 

6^20 

67120 

DKN162 

0 

16020 

25980 

64340 

21880 

DKN162 

0 

12180 

10520 

14300 

18320 

DKN169 

0 

3140 

7000 

5651 

8047 

DKN171 

1180 

640 

500 

560 

1040 

DKN 282 

560 

3400 

4360 

5560 

3460 

DKN402 

340 

4260 

10520 

7000 

5060 
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(continued) 



Isolate 

A 

B DupGcate 

CDipilcate 


MBN 26 

27740 

16940 

19220 

16700 

18680 

5 

MBN 31 

180 

1820 

1820 

1720 

2240 


MBN 34 

840 

2160 

2200 

3100 

3120 


MIH002 

2320 

51320 

121100 

144180 

123900 

10 

M]H012 

2960 

33620 

40920 

40740 

75840 

MIH013 

30360 

31980 

56360 

42800 

71220 


M1H030 

17625 

178500 

273938 

169750 

189^ 


MIH053 

+ 

534960 

231620 

530900 

878340 

15 

M1H055 

10560 

43960 

54220 

49400 

37400 


WIH074 

5700 

3980 

6020 

3640 

4940 


MIH 112 

30480 

2719^ 

490780 

423600 

416140 

20 

MIH 157 

520 

165480 

82920 

169980 

146320 

MIN 003a 

1300 

57720 

21620 

35380 

34560 


MIN 003b 

1760 

32820 

30940 

27760 

26600 


MIN 017 

540 

437380 

375120 

447740 

902780 


MIN 067 

0 

0 

0 

0 

0 


iviin i£D 


63600 

38460 

56680 

40300 


MIN 139 

460 

146320 

142800 

94520 

105600 


MIN 146 

200 

49920 

32100 

19900 

30400 


MIN 217 

0 

3220 

1880 

2320 

2580 


MIN 589 

154780 

267740 

127100 

144160 

228040 


55 The results indicate that the primers of the present mverHion, combinations B and C, enabled amplification from 
more of the clinical samples. The primer oomblnalions B and C enabled amprrfication from ail bull of the 30 samples. 
In contrast, the AMPLICOR HiV-1 MONITOR Te^ failed to amplily 6 out of 29 samples. The amplffication of sample MIH 
0^ using the AMPLICOR HIV-1 MONITOR Test resulted in a strong target signal, but failed to generate a OS signal. 
Thus, the sample was not quantitatable and Is marked as In the above tat)le. 

40 In addition, for a sigmficant number of the samples, the copy number estimated using either primer combir^ftbn B 
or C was dgnif icantly higher than that estimated i^lng the AMPLICOR HIV-1 MONITOR Test. Based on the amplica- 
tion efficiency variability demonstiated in example 2, above, the lower estimates of template concentration obtained 
using the AMPLICOR HIV-1 MONITOR probably resulted from signif icantfy lower ampltf ication efficiencies. 

Viral RNA was not detected in sample MIN 067. However, it is not known if this is due to unseen variability in the 

45 target sequence wMch Interfered with either primer hybridization or probe l7yt»idiza1ion, or some other cause. 
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Stt^juence Listing 

(1) GENERAL IHFORM&TIOH: 

^ (i) APPLICANT: 

(A) KAMB: F « HOFTUAKN-LA ROCHE AG 

(B) STREET: Grfixizacherstr&sse 124 

(C) CITY: BMle 

(D) STATE: BS 

(E) COONTRy: Switzerlaxxd 

(F) POSTAL CODE (ZIP) : CH-4070 

(G) TKT.KPHOHE; 061 - 688 37 82 
(B) TELEFAX: 061 - 688 13 95 
(I) TELEX: 962292/965542 hlr ch 

(ii> TITLE OF INVENTION: Primers for the Detection of HIV-1 

70 

(iii) NUMBER OF SEQOEnCSS: 7 

(iv) COMPOTER READABLE FORtt: 

(A) ME DIOM T YPE; Floppy disk 

(B) COHPDTER: Apple Macintosh 

(C) OPERATING SYSTEM: System 7.1 (Macintosh) 
CD) SOFXHARE: Vord 5.1 

(V) FBXCR APPLICATION DATA: 

APPLICATION NUMBER : 60-037744 
„ FILING l^ATE: 17.01,97 

(2) INFORHATK^ FOR SBQ ID N0:1: 

(il SEQUENCE CaARACTERISnCS ; 

(A) LENGTH; 30 base pairs 

(B) TYPE: nucleic acid 
^ (C) STEIANDEDNSSS : single 

(D) TOPOLOGY: linear 
<ii) MOLECULE TYPE: DNA (genomic) 
<xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
ACTGGOGGGA CATCAAGCAO CCATKAAAT 30 

35 

(2) INFCHUIATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
40 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(Xi) SEQUSETCE DESCRIPTION: SEQ ID NO: 2: 
AXTTGGOGGGA CACCAOGCAG CAATGCAAAT 30 

(2) INFCXtMATION FOR SEQ ID N0:3: 
4S (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single ^ 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
SO <xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TACTAGTAGT TCCTGCTATG TCACTTCC 28 


55 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTEEIISTICS : 

(A) LENGTH: 26 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ENA (genomic} 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TGAAGGGTAC TAGTAGTTCC TGCTAT 2€ 


(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CKARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AGTTGGAGGA CATCAAGCAG CCATGCAAAT 30 


(2) INFORMATION FOR SEQ ID NO: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLECrULE TYPE: DNA (genomic) 
(xi) SEQUENCE DfiSCRIPTIOT: SEQ ZD NO: 6: 
TGCTATGTCA GTTCCCCTTG GTTCTCT 27 


(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CBABACTERISTICS: 

(A) LENGTH: 27 batse pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
ID) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

TGCTATGTCA CTTCCCCTTG GTTCTCTP 27 


Claims 

1. An oligonudeotide primer for the anpltfication of human immunodeficiency virus type 1 (IHIV-I} nudeEc add, 
wherein said oligonucfeotide primer is selected from the group consisting of SKCC1 (SEQ ID NO: 3} and SKCC3 
(SEQ ID NO: 4). 

2. A pair of ofigonudeotide primers consisting of SK145 (SEQ ID NO: 1) and SKCC1 (SEQ ID NO: 3). 

3. A set of oligonucleotide primers consisting of a pair of oligonucleotide primers of Claim 2 and SK145M2 (SEQ ID 
NO: 2). 
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4- A pair of oiigortudeotide primers consisting of SKI 45 (SEQ ID Ntt 1) and SKCC3 (SEQ ID NO: 4). 

5. A set of oOgonudeotide primers consisting of a pair of oligonucleotide primers of Oaim 4 and SK145M2. (SEQ ID 
NO: 2). 

6- A kit for detecting human inrnmodefidency virus type 1 (HlV-1) nudeic add. wherein ^ud kit comprises an oligo- 
nudeotide primer of Oalm 1 . 

7. A Ml lor detecting human Immurodef idency virus type 1 (HIV-1) nudek: add, virhereln said Wt comprises a pair of 
digonudeotida primers of Claim 2. 

8. A kit for detectir^ human Immunodefidency virus type 1 (HIV-1) nudeic add, wherein said kit comprises a set of 
digonudeotide prnners of Claim 3. 

9. A kit for detecting human immunodefidency virus type 1 (HIV-I) nudeic add, wtierein said kit conprises a pair of 
oligonudeotlde primers of Claim 4. 

10. A kit for detecting human immunodefidency virus type 1 (HIV-1) nudeic add. wherein said kit comprises a set of 
digonudeotida primers of Oalm 5. 

11. A method for amplifying human invnunodefidency virus type 1 (HIV-1) nudeic add, wherein said metfKxi com- 
prises carrying out a polymerase chain reaction using SKCC1 (SEQ ID NO: 3) or SKCC3 (SEQ ID NO: 4). 

12. A method of Claim 11. wherein said polymerase chain reaction is carried out using 8K145 (SEQ ID t40: 1) and 
SKCC1(SEQID NO: 3). 

13. A m^hod of Claim 12, wherein said polymerase chain reaction is carried out also i^g SK145M2 (SEQ ID NO: 2). 

14. A method of Claim 11. wherein said polymerase chain reaction Is carried out using SK145 (SEQ ID NO: 1) and 
SKCC3(SEQIDNO:4). 

1 5. A m^hod of Oaim 1 1 , virherein said polymerase chain reaction is canned out also using SKI 45SA2 (SEQ ID NO: 2). 
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